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(57) ABSTRACT 

The invention intends to provide a technique that achieves a 
Sufficient phase margin with ease. The circuit includes a 
power Supply circuit that is formed with a phase compen 
sating resistor and a phase compensating capacitor, between 
a second input terminal of a differential amplifier and a low 
Supply Voltage. Thereby, the first pole frequency in the 
overall gain is determined by the first pole frequency in the 
Voltage-dividing resistor stage in the Bode diagram for the 
pole/Zero compensation, which is shifted to a lower fre 
quency. Also, the Zero point cancels the first pole frequency 
in the differential amplifier stage, which reduces the phase 
delay to secure the phase margin. And, since the phase 
compensating resistor can take a considerably high resis 
tance, the same characteristic can be achieved with a low 
capacitance of the phase compensating capacitor, thereby, 
the phase compensation becomes possible with a resistor 
and a capacitor having a smaller size than the pole/Zero 
compensation with the internal Supply Voltage. 
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SEMCONDUCTOR INTEGRATED CIRCUIT 
DEVICE 

BACKGROUND OF THE INVENTION 

0001. The present invention relates to a semiconductor 
integrated circuit device, more specifically to a phase com 
pensation technique for amplifiers that the circuit device 
contains. 

0002. As a general trend in the semiconductor integrated 
circuit device, the withstanding Voltage is being lowered, 
accompanied with the advancement of micro fabrication of 
MOS transistors. Accordingly, when a high Supply Voltage 
VDD is supplied from the outside, an internal supply voltage 
VDDI being lower than VDD is generated on the basis of the 
high Supply Voltage VDD, and the internal Supply Voltage 
VDDI is supplied to internal circuits as the operational 
Supply Voltage. Such an internal Supply Voltage VDDI is 
generated by means of a limiter circuit (named also as 
Voltage-dropping circuit). 
0003. The limiter circuit includes a p-channel MOS tran 
sistor called a driver PMOS, and a differential amplifier that 
drives the driver PMOS on the basis of the comparison result 
of a detected voltage of the internal supply voltage VDDI 
and a reference voltage VREF. The high supply voltage 
VDD is lowered by the voltage across the source and drain 
of the driver PMOS, whereby the internal supply voltage 
VDDI is generated. When the level of the internal supply 
voltage VDDI is varied, the variations are reflected to the 
comparison result with the reference voltage VREF, and the 
feedback control of the internal supply voltage VDDI is 
carried out, whereby the voltage level of the internal supply 
voltage VDDI is stabilized. 
0004. In order to prevent oscillations in the circuit, the 
limiter circuit is provided with a phase compensation circuit. 
As the phase compensation circuit, the pole/Zero compen 
sation system can be quoted. The pole/Zero compensation 
system connects a phase compensating resistor and a phase 
compensating capacitor in series between the internal Supply 
voltage VDDI and a low supply voltage VSS to secure a 
phase margin. 
0005. As an example, Japanese Unexamined Patent Pub 
lication No. 2002-25260 discloses a semiconductor inte 
grated circuit device in which an externally Supplied Voltage 
is let down to a lower voltage to be supplied to internal 
circuits. 

SUMMARY OF THE INVENTION 

0006 To increase the current supply capability accom 
panied with the increase of current consumption, it will be 
required in general to apply a fine-patterned dimension to 
the gate length of the driver PMOS. 
0007. However, applying a short gate length to the driver 
PMOS will decrease the drain conductance of the driver 
PMOS. Accordingly, the size of the capacitor and resistor in 
the pole/Zero compensation system will be increased accord 
ing to the following reason. 
0008. The pole/Zero compensation system is regarded as 
effective when the first pole frequency of the driver PMOS 
output stage is located in a lower frequency than the first 
pole frequency of the differential amplifier stage, which 
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shifts the first pole frequency of the driver PMOS output 
stage to a further lower frequency by the series circuit of a 
phase compensating resistor Rc1 and a phase compensating 
capacitor CC1, cancels the first pole frequency of the differ 
ential amplifier stage by the Zero point, and thereby reduces 
the phase delay to secure the phase margin. However, as the 
drain conductance of the driver PMOS output stage 
decreases, the first pole frequency of the driver PMOS 
output stage shifts to a higher frequency. In this case, if it is 
intended to shift the first pole frequency of the driver PMOS 
output stage to a lower frequency than the first pole fre 
quency of the differential amplifier stage by means of only 
the pole/Zero compensation system, a considerably large 
capacitance is required for the phase compensating capaci 
tor. To attain a large capacitance necessitates parallel con 
nections by many capacitors, which increases the chip 
occupancy area for the phase compensating capacitor. And, 
the phase compensating resistors connected in series to the 
individual phase compensating capacitors are mutually con 
nected in parallel to thereby lower the composite resistance, 
which hinders appropriate phase compensation. Therefore, 
when more capacitors are connected in parallel, the phase 
compensating resistors connected in series to the individual 
phase compensating capacitors have to use resistors having 
still higher resistances. As the resistance becomes higher, the 
chip occupancy area for the phase compensating resistor will 
necessarily be increased to that extent. 

0009. In this manner, when the drain conductance of the 
driver PMOS is low, it is unavoidable that the chip occu 
pancy area for the phase compensating capacitor and the 
phase compensating resistor becomes increased in the pole? 
Zero compensation system. However, there is practically a 
certain limit in the occupancy area for the phase compen 
sating capacitor and the phase compensating resistor from 
the restriction of the chip size, which makes it difficult to 
attain a Sufficient phase margin. 
0010. It is therefore an object of the invention to provide 
a technique that achieves a Sufficient phase margin with 
CaSC. 

0011) Another object of the invention is to provide a 
technique that reduces the chip occupancy area for the phase 
compensating capacitor and the phase compensating resis 
tOr. 

0012. The foregoing and other objects and the novel 
features of the invention will become apparent from the 
descriptions and appended drawings of this specification. 

0013 The typical ones of the claims disclosed here will 
briefly be described as follows. 
0014. According to one aspect of the invention, the 
semiconductor integrated circuit device includes: a differ 
ential amplifier including a first input terminal, a second 
input terminal, and an output terminal, being Supplied with 
a high Supply Voltage and a low Supply Voltage, which 
amplifies a difference of an input signal from the first input 
terminal and an input signal from the second input terminal 
to output the result from the output terminal; a transistor that 
is controlled on the basis of a signal outputted from the 
output terminal of the differential amplifier, and generates a 
Voltage different from the high Supply Voltage from the same 
Voltage; a first resistor connected between the output termi 
nal of the transistor and the second input terminal of the 
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differential amplifier, and a second resistor connected 
between the second input terminal of the differential ampli 
fier and the low Supply Voltage. And in addition, the circuit 
device possesses a power Supply circuit including a phase 
compensating capacitor, between the second input terminal 
of the differential amplifier and the low supply voltage. 

0.015 According to the above means, in the Bode dia 
gram for the pole/Zero compensation, the first pole fre 
quency in the overall gain is determined by the first pole 
frequency in the Voltage-dividing resistor stage to be shifted 
to a lower frequency. And, since the first pole frequency in 
the differential amplifier stage is cancelled by the Zero point 
in the Bode diagram for the pole/Zero compensation, and 
thereby the phase delay is reduced; thus, the phase margin 
will be secured. Since the amplitude at the non-inverted 
input terminal of the differential amplifier is decreased to a 
low level by means of the voltage-dividing circuit of the first 
and second resistors, the circuit can be configured with a 
lower resistance and capacitance than those of the phase 
compensating resistor and phase compensating capacitor for 
executing the pole/Zero compensation with the internal 
supply voltage (VDDI). 

0016. As the result, the resistance of the metal wiring for 
the internal supply voltage VDDI can be reduced without 
considering the phase margin of the limiter circuit, and the 
stable operation of the limiter circuit can be secured accord 
ingly. Further, the circuit is allowed to take on a device with 
a short gate length as the transistor, without apprehension of 
the drain conductance, which makes it possible to form a 
limiter circuit Suitable for a chip that consumes a consider 
ably high current. 

0017. In this case, the circuit may include a reference 
Voltage generation circuit that generates a reference Voltage, 
So as to Supply the reference Voltage to the first input 
terminal. 

0018. The power supply circuit may include a first phase 
compensating resistor provided between the second input 
terminal and the first phase compensating capacitor. 

0019. In case of need, the circuit may include a second 
phase compensating capacitor and a second phase compen 
sating resistor connected in series thereto between the output 
terminal of the transistor and the low Supply Voltage. 

0020. In order to further expand the phase margin, the 
circuit may include a capacitor for reducing a phase delay in 
the high frequency between the output terminal of the 
transistor and the second input terminal of the differential 
amplifier, and the capacitor may be used in combination with 
the first phase compensating resistor and the first phase 
compensating capacitor. 

0021. The first phase compensating resistor may use a 
resistance of a metal wiring; or it may adopt a resistor using 
a diffusion layer formed on the semiconductor substrate, or 
a resistor using a conductive layer formed on the semicon 
ductor Substrate, or a resistor using a poly-silicon layer. 

0022. The first phase compensating capacitor may be a 
capacitor using an oxide film formed on a semiconductor 
Substrate as a dielectric, or a capacitor using an insulating 
film formed on a semiconductor Substrate as a dielectric. In 
this case, the insulating film may be a gate oxide film. 
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0023 The foregoing power supply circuit can be installed 
in various semiconductor integrated circuit devices such as 
an SRAM, a DRAM, etc. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0024 FIG. 1 illustrates a limiter circuit contained in an 
SRAM being an example of a semiconductor integrated 
circuit device according to the present invention; 
0025 FIG. 2 illustrates a circuit compared with the 
limiter circuit illustrated in FIG. 1; 

0026 FIG. 3 illustrates a circuit compared with the 
limiter circuit illustrated in FIG. 1; 

0027 FIG. 4 illustrates a circuit explaining the relation 
between the phase compensating resistor and the phase 
compensating capacitor, 

0028 FIG. 5 illustrates a Bode diagram for the general 
phase compensation; 

0029 FIG. 6 illustrates a Bode diagram for the phase 
compensation in the circuit illustrated in FIG. 3; 
0030 FIG. 7 illustrates a Bode diagram for the phase 
compensation in the circuit illustrated in FIG. 1; 

0031 FIG. 8 illustrates a circuit of a differential amplifier 
applicable to the limiter circuit illustrated in FIG. 1; 

0032 FIG. 9 illustrates another circuit of the differential 
amplifier applicable to the limiter circuit illustrated in FIG. 
1; 

0033 FIG. 10 illustrates an explanatory configuration of 
the limiter circuit illustrated in FIG. 1; 

0034 FIG. 11 illustrates a relation between the limiter 
circuit and the circuits connected thereto; 

0035 FIG. 12 illustrates a section of a configuration for 
a phase compensating capacitor contained in the limiter 
circuit; 

0036 FIG. 13 illustrates a section of another configura 
tion for a phase compensating capacitor contained in the 
limiter circuit; 

0037 FIG. 14 illustrates a section of another configura 
tion for a phase compensating capacitor contained in the 
limiter circuit; 

0038 FIG. 15 illustrates a section of a configuration for 
a phase compensating resistor contained in the limiter cir 
cuit; 

0039 FIG. 16 illustrates a section of another configura 
tion for a phase compensating resistor contained in the 
limiter circuit; 

0040 FIG. 17 illustrates a section of another configura 
tion for a phase compensating resistor contained in the 
limiter circuit; 

0041 FIG. 18 illustrates a layout for a phase compensat 
ing resistor and a phase compensating capacitor contained in 
the limiter circuit; 

0042 FIG. 19 enlargedly illustrates a major part (183) in 
FIG. 18; 
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0.043 FIG. 20 enlargedly illustrates a major part (185) in 
FIG. 18; 

0044 FIG. 21 illustrates a section taken on the line A-B 
in FIG. 20; 
004.5 FIG. 22 illustrates another circuit for the limiter 
circuit; 
0046 FIG. 23 illustrates another circuit for the limiter 
circuit; and 
0047 FIG. 24 illustrates a reference voltage generation 
circuit that generates the reference Voltage used in the 
limiter circuit. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

0048 FIG. 10 illustrates an SRAM (Static Random 
Access Memory) as an example of the semiconductor inte 
grated circuit device according to the invention. 
0049. The SRAM 2 is assumed to be a flip-chip type, 
which is not limited to this. The SRAM2 has a BGA (Ball 
Grid Array) substrate connected on a semiconductor chip 20. 
The semiconductor chip 20 is formed on a semiconductor 
Substrate Such as a single crystal silicon Substrate by means 
of the known production technique for the semiconductor 
integrated circuit. 
0050. The BGA substrate has the BGA balls as the 
external terminals that permit electrical connections to a 
component mounting board and so forth. The semiconductor 
chip 20 and the BGA substrate are electrically connected by 
way of bump electrodes. 
0051. The semiconductor chip 20 has memory cell arrays 
101, 102 formed with two partitions divided in the latitudi 
nal direction. A central circuit area 125 is allocated between 
the memory cell arrays 101, 102. The memory cell arrays 
101, 102 have plural static memory cells disposed in array. 
0.052 In the longitudinal central area of the memory cell 
arrays 101, 102 are located word drivers 103, 104 that drive 
word lines for corresponding memory cell arrays. 
0053) The central circuit area 125 includes limiter circuits 
105 through 112 that generate the internal supply voltage 
VDDI, output circuits (DQ) 113 thorough 116 that enable 
outputting data, input circuits 117 through 120 that enable 
fetching address signals, output registers and selectors 
(Reg./SEL) 121, 122 that temporarily hold output data and 
selectively output the data, an address register and pre 
decoder (ADR Reg./Pre Dec) 123 that temporarily holds 
addresses and pre-decodes them, and a reference Voltage 
generation circuit 124 that generates the reference Voltage, 
etc. 

0054. In this example, the eight limiter circuits 105 
through 112 are located dispersedly in the central circuit area 
125 in order to avoid a concentration of current in a circuit 
element and a wiring. The eight limiter circuits 105 through 
112 take partial charge of the power supply to the internal 
circuits, which lightens the load for one limiter circuit. The 
limiter circuits 105 through 112 each let down the high 
supply voltage VDD individually supplied on the basis of 
the reference voltage VREF from the reference voltage 
generation circuit 124 to thereby generate the internal Supply 
voltage VDDI. When the high supply voltage VDD takes 2.5 
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volts, the internal supply voltage VDDI is usually set to 1.2 
volts, which is not restricted. In order to reduce the chip size, 
the plural limiter circuits 105 through 112 share the refer 
ence Voltage generation circuit 124. 
0055. The limiter circuits 105 through 112 are the 
example of the power Supply circuit in the present invention. 

0056 FIG. 11 illustrates the limiter circuits 105 through 
112 and the relation between the circuits connected thereto. 

0057 The limiter circuits 105 through 112 assume one 
and the same configuration, and each bring down the high 
supply voltage VDD on the basis of the reference voltage 
VREF to thereby create the internal supply voltage VDDI. 
The internal supply voltage VDDI created by the limiter 
circuits 105 through 112 is transmitted to the corresponding 
internal circuits. The internal circuits that operate on the 
supply of the internal supply voltage VDDI include, for 
example, the input circuits 117 through 120, the memory cell 
arrays 101, 102, and a peripheral circuit 505. The peripheral 
circuit 505 includes the output registers and selectors (Reg./ 
SEL) 121, 122, the address register and pre-decoder (ADR 
Reg./Pre Dec) 123, and so forth. It is preferred that the 
internal supply voltage VDDI be supplied to the concerned 
internal circuits from the limiter circuit that is located 
nearest to the concerned internal circuits, in order to reduce 
the Voltage drop by the Supply path as much as possible. 
0058. The output circuits 113 through 116 are supplied 
with a high supply voltage VDDQ from the outside. 
Although not especially restricted, the high Supply Voltage 
VDDQ is specified as 1.5 volts. 
0059) A VDDI-VSS across capacitor 11 is formed to 
bridge the internal supply voltage VDDI and the low supply 
voltage VSS, and a VDDQ-VSS across capacitor 12 is 
formed to bridge the high supply voltage VDDQ and the low 
supply voltage VSS. 

0060 FIG. 1 illustrates an example of the limiter circuits 
105 through 112. 
0061 The limiter circuit is provided with a differential 
amplifier 501, and at the post stage thereof, a p-channel 
MOS transistor 504 that is driven and controlled by the 
output signal from the differential amplifier 501. The 
p-channel MOS transistor 504 brings down the high supply 
voltage VDD to create the internal supply voltage VDDI on 
the basis of the output signal from the differential amplifier 
501. A series circuit of resistors R1 and R2 is provided 
between the drain electrode of the p-channel MOS transistor 
504 and the low supply voltage VSS. The voltage variations 
of the internal supply voltage VDDI are detected through the 
series circuit of the resistors R1 and R2. The voltage 
variations of the internal supply voltage VDDI are acquired 
from the node of the resistors R1 and R2 in series connec 
tion. The node of the resistors R1 and R2 in series connec 
tion is connected to the non-inverted input terminal of the 
differential amplifier 501. The inverted input terminal of the 
differential amplifier 501 is supplied with the reference 
voltage VREF. The amplification factor R0 of the differential 
amplifier 501 is calculated from the relation of the resistors 
R1, R2, as follows. 

0062) The differential amplifier 501 compares the voltage 
(VDDI/R0) generated at the node of the resistors R1 and R2 
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in series connection with the reference voltage VREF, and 
controls the operation of the p-channel MOS transistor 504 
on the basis of the comparison result. The internal Supply 
voltage VDDI acquired by the p-channel MOS transistor 
504 is given by the following expression. 

WDDI-ROxVREF 

0063. When the level of the internal supply voltage 
VDDI is varied with the variation of the load, the variation 
is detected through the series circuit of the resistors R1 and 
R2, which is transmitted to the differential amplifier 501. If 
the divided voltage level by the resistors R1 and R2 is lower 
than the reference voltage VREF, the output signal from the 
differential amplifier 501 lowers the ON-resistance of the 
p-channel MOS transistor 504, which raises the level of the 
internal supply voltage VDDI. And, if the divided voltage 
level by the resistors R1 and R2 is higher than the reference 
voltage VREF, the output signal from the differential ampli 
fier 501 raises the ON-resistance of the p-channel MOS 
transistor 504, which lowers the level of the internal supply 
voltage VDDI. Such a feedback control stabilizes the level 
of the internal supply voltage VDDI. 
0064. For the phase compensation, the limiter circuit is 
provided with phase compensating capacitors Cc1, Cc2, and 
a phase compensating resistor Rc2. The phase compensating 
capacitor CC1 is provided between the output terminal of the 
p-channel MOS transistor 504 and the low supply voltage 
VSS. The capacitor CC1 together with a wiring resistor RL1 
conducts the phase compensation by the pole/Zero compen 
sation system. The phase compensating resistor Rc2 and the 
phase compensating capacitor Ce2 are connected in series 
between the non-inverted input terminal of the differential 
amplifier 501 and the low supply voltage VSS. This circuit 
configuration is one of the characteristic points of the limiter 
circuits 105 through 112. 

0065. The RL1 is a load resistor, and CL1 is a load 
capacitor. 

0.066 Now, the phase compensation will be described in 
detail. 

0067 FIG. 2 illustrates a circuit that is compared with the 
limiter circuit illustrated in FIG. 1, and FIG. 3 illustrates the 
same kind. 

0068 The circuit illustrated in FIG. 2 connects the series 
circuit of the phase compensating resistor Rc1 and the phase 
compensating capacitor Ce1 between the internal Supply 
voltage VDDI and the low supply voltage VSS, and thereby 
performs the phase compensation. 

0069. The circuit illustrated in FIG. 3 utilizes the wiring 
resistor RL2 of the internal supply voltage VDDI for the 
phase compensation. The wiring resistor RL2 functions in 
the same manner as the phase compensating resistor Rc1 in 
FIG.1. This method is effective when the condition does not 
allow the series connection of the phase compensating 
resistor Rc1 to the phase compensating capacitor CC1. 

0070. In order to enhance the current supply capability, a 
MOS transistor with a short gate length is preferably 
adopted as the p-channel MOS transistor 504. 
0071 FIG. 5 illustrates a Bode diagram in the general 
pole/Zero compensation. Here in the Bode diagram, the 
Voltage-dividing resistor stage denotes the resistors R1 and 
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R2, the PMOS output stage denotes the p-channel MOS 
transistor 504, and the differential amplifier stage denotes 
the differential amplifier 501. The symbols G01, G02, and 
G03 signify the gain of the differential amplifier stage, the 
gain of the PMOS output stage, and the gain of the voltage 
dividing resistor stage, respectively. 

0072. As FIG. 5 illustrates the relation between the gain 
of the differential amplifier stage and the gain of the output 
stage of the p-channel MOS transistor 504, the pole/Zero 
compensation system is effective when the first pole fre 
quency of the driver PMOS output stage is located in a lower 
frequency than the first pole frequency of the differential 
amplifier stage. The pole/Zero compensation system shifts 
the first pole frequency of the p-channel MOS transistor 504 
to a further lower frequency by the series circuit of the phase 
compensating resistor Rc1 and phase compensating capaci 
tor CC1 in FIG. 2, cancels the first pole frequency of the 
differential amplifier stage by the Zero point, and thereby 
reduces the phase delay to secure the phase margin. How 
ever, as the drain conductance of the p-channel MOS tran 
sistor 504 decreases, the first pole frequency of the p-chan 
nel MOS transistor 504 shifts to a higher frequency, which 
consequently brings about the relation shown in FIG. 6. In 
this case, if it is intended to shift the first pole frequency of 
the p-channel MOS transistor 504 to a lower frequency than 
the first pole frequency of the differential amplifier stage by 
means of only the pole/Zero compensation system, a con 
siderably large capacitance is required for the phase com 
pensating capacitor Cel. To attain a large capacitance neces 
sitates parallel connections by many capacitors Cc3, as 
shown in FIG. 4, which increases the chip occupancy area 
for the phase compensating capacitor. Here in this case, the 
phase compensating resistors Rc3 connected in series to the 
individual phase compensating capacitors Cc3 are mutually 
connected in parallel to thereby lower the composite resis 
tance, which hinders appropriate phase compensation. When 
more capacitors Cc3 are accordingly connected in parallel, 
the phase compensating resistors Rc3 connected in series to 
the individual phase compensating capacitors Cc3 have to 
use resistors having still higher resistances. As the resistance 
becomes higher, the chip occupancy area for the phase 
compensating resistor will necessarily be increased to that 
eXtent. 

0073. In this manner, when the drain conductance of the 
p-channel MOS transistor 504 is low, it is unavoidable that 
the chip occupancy area for the phase compensating capaci 
tor and the phase compensating resistor by the pole/Zero 
compensation system becomes large. However, there is 
practically a certain limit in the occupancy area for the phase 
compensating capacitor and the phase compensating resistor 
from the restriction of the chip size, which makes it difficult 
to attain a sufficient phase margin. 

0074 And, when the wiring resistor RL2 is used as the 
phase compensating resistor, as shown in FIG. 3, it is almost 
impossible to increase the resistance of the wiring resistor 
RL2 in view of enhancing the current Supply capability; 
accordingly, it becomes difficult to secure a Sufficient phase 
margin. 

0075. In contrast to this, the circuit configuration in FIG. 
1 is provided with the series connection circuit of the phase 
compensating resistor Rc2 and the phase compensating 
capacitor CC2 between the non-inverted input terminal of the 
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differential amplifier 501 and the low supply voltage VSS, 
which carries out the phase compensation by the phase 
compensating resistor Rc2 and the phase compensating 
capacitor Ce2 in addition to the phase compensation by the 
wiring resistor RL1 and the phase compensating capacitor 
Cc1. 

0076 FIG. 7 illustrates a Bode diagram for the phase 
compensation in the circuit illustrated in FIG. 1. 
0.077 Since the circuit is provided with the series con 
nection circuit of the phase compensating resistor Rc2 and 
the phase compensating capacitor CC2 between the non 
inverted input terminal of the differential amplifier 501 and 
the low supply voltage VSS, in the Bode diagram in FIG. 7, 
the Voltage-dividing resistor stage newly bears a pole fre 
quency P3 and a zero point that are created by the phase 
compensating resistor Rc2 and the phase compensating 
capacitor Ce2. As the result, the first pole frequency in the 
overall gain is determined by the first pole frequency P3 in 
the Voltage-dividing resistor stage, and is shifted to a lower 
frequency. The Zero point cancels the first pole frequency in 
the differential amplifier stage to thereby reduce the phase 
delay, thus securing the phase margin. 
0078. In the circuit configuration in FIG. 2, the first pole 
frequency in the PMOS output stage illustrated in FIG. 5 is 
given by the expression that is proportional to the inverse 
number of the product of the output resistance of the 
p-channel MOS transistor 504 and (CC1+CL1). However, in 
order to attain a high drive current, the limiter circuit is 
needed to reduce the output resistance of the p-channel MOS 
transistor 504. Accordingly, to attain the pole frequency of 
Some MHZ, for example, the capacitance of the phase 
compensating capacitor CC1 is needed to increase. In con 
trast to this, in the circuit configuration in FIG. 1, the pole 
frequency P3 in FIG. 7 is given by the expression that is 
proportional to the inverse number of the product of Rc2 and 
Cc2 in FIG. 1. Therefore, the resistance of the phase 
compensating resistor Rc2 can separately be set from the 
output resistance of the p-channel MOS transistor 504. 
Accordingly, a considerably high resistance can be selected 
for the phase compensating resistor Rc2. Since the phase 
compensating resistor Rc2 can take a considerably high 
resistance, the phase compensating capacitor CC2 can select 
a low capacitance to attain the same characteristic. There 
fore, the phase compensating resistor Rc2 and the phase 
compensating capacitor Ce2 can be implemented by a 
Smaller size than the phase compensating resistor Rc1 and 
the phase compensating capacitor Cel for executing the 
pole/Zero compensation. The resistance of the metal wiring 
for the internal supply voltage VDDI can be reduced without 
considering the phase margin of the limiter circuits 105 
through 112, and the stable operation of the limiter circuits 
105 through 112 can be attained accordingly. And, the circuit 
is allowed to take on a MOS with a short gate length as the 
p-channel MOS transistor 504 without apprehension of the 
drain conductance, which makes it possible to form a limiter 
circuit Suitable for a chip that consumes a considerably high 
Current. 

0079 FIG. 8 illustrates the circuit configuration of the 
differential amplifier 501. 
0080. The differential amplifier 501 is configured in a 
state that p-channel MOS transistors 1401, 1402, 1403, and 
1404, and n-channel MOS transistors 1405, 1406, and 1407 
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are connected as shown in FIG. 8. The n-channel MOS 
transistors 1405, 1406 form a differential connection by 
connecting the source electrodes thereof to the low Supply 
voltage VSS through the n-channel MOS transistor 1407. 
The n-channel MOS transistor 1407 functions as a constant 
current Source by a predetermined control Voltage being 
supplied to the gate electrode thereof. 
0081. The drain electrode of the n-channel MOS transis 
tor 1405 is connected to the high supply voltage VDD 
through the p-channel MOS transistors 1401, 1402. The 
drain electrode of the n-channel MOS transistor 1406 is 
connected to the high supply voltage VDD through the 
p-channel MOS transistors 1403, 1404. 
0082) The p-channel MOS transistors 1402 and 1404 
form a current mirror connection, so that the n-channel MOS 
transistors 1405 and 1406 (differential pair) form a current 
mirror type load. 
0083. The gate electrode of the n-channel MOS transistor 
1405 receives the reference voltage VREF from the refer 
ence Voltage generation circuit 124. The gate electrode of 
the n-channel MOS transistor 1406 receives a divided volt 
age of the internal supply voltage VDDI by resistors 502, 
503. From the series connection node of the p-channel MOS 
transistors 1401, 1402 is acquired an output signal of the 
differential amplifier 501, which is transmitted to the gate 
electrode of the p-channel MOS transistor 504. 
0084. The p-channel MOS transistors 1401, 1403 are 
provided to relieve the withstanding voltage, when the 
differential amplifier is formed with the MOS transistors 
whose gate withstanding Voltage is lower than the Voltage 
level of the high supply voltage VDD. Therefore, if the gate 
withstanding voltage of the MOS transistors forming the 
differential amplifier is higher than the voltage level of the 
high supply voltage VDD, the p-channel MOS transistors 
1401, 1403 may be omitted. FIG. 9 illustrates the circuit in 
that case. 

0085 FIG. 24 illustrates a reference voltage generation 
circuit that generates the reference voltage VREF. 
0086) The reference voltage generation circuit includes a 
differential amplifier 242, and a p-channel MOS transistor 
243 located at the post-stage of the differential amplifier 242: 
and the differential amplifier 242 is designed to drive and 
control the p-channel MOS transistor 243. The source elec 
trode of the p-channel MOS transistor 243 is connected to 
the high supply voltage VDD. The circuit also includes, 
between the drain electrode of the p-channel MOS transistor 
243 and the low supply voltage VSS, a series connection 
circuit of a resistor 244 and a bipolar transistor 245, a series 
connection circuit of resistors 246, 247 and a bipolar tran 
sistor 248, and a series connection circuit of resistors 249, 
250. The series connection node of the resistor 244 and the 
bipolar transistor 245 is connected to the inverted input 
terminal of the differential amplifier 242, and the series 
connection node of the resistors 246 and 247 is connected to 
the non-inverted input terminal of the differential amplifier 
242. The differential amplifier 242 compares a voltage taken 
in through the non-inverted input terminal and a voltage 
taken in through the inverted input terminal, and drives and 
controls the p-channel MOS transistor 243 in accordance 
with the comparison result. Here, the voltage divided by the 
resistors 249 and 250 is outputted as the reference voltage 
VREF. 
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0087. The phase compensating capacitor CC2 can be 
formed with a gate oxide film being an example of the 
insulating film for a dielectric as shown in FIG. 12, FIG. 13, 
and FIG. 14. That is, when the gate electrode is deposited on 
the gate oxide film, a capacitor is formed between a metal 
wiring electrode being conductive to the gate electrode by 
way of a through hole and a metal wiring (VSS) being 
conductive to a P+ diffusion layer, N' diffusion layer by way 
of through holes. This capacitor can be used for the phase 
compensating capacitor Ce2. In the configuration illustrated 
in FIG. 12, the N" diffusion layer is formed in the N Well, 
and the P' diffusion layer is formed in the PWell. In the 
configuration illustrated in FIG. 13, the N' diffusion layer 
and the P' diffusion layer are formed in the NWell. In the 
configuration illustrated in FIG. 14, the N' diffusion layer 
and the P' diffusion layer are formed in the PWell. 

0088. The phase compensating resistor Rc2 can be 
formed as shown in FIG. 15, FIG. 16, and FIG. 17. FIG. 15 
illustrates a sectional structure of a resistor formed with a 
poly-silicon layer. To make conductive both ends of the 
poly-silicon layer to metal wirings by way of through holes 
will draw out both ends of the resistor. FIG. 16 illustrates a 
sectional structure of a resistor formed with a diffusion layer. 
To make conductive the N' diffusion layers on the NWell 
to metal wirings by way of through holes will draw out both 
ends of the resistor. FIG. 17 illustrates a sectional structure 
of a resistor formed with an N diffusion layer on the PWell. 
To make conductive the N' diffusion layer on the PWell to 
metal wirings by way of through holes will draw out both 
ends of the resistor. In addition, to utilize a resistance 
existing in the metal wiring will attain the phase compen 
sating resistor Rc2. 

0089 FIG. 18 illustrates a layout for the phase compen 
sating resistor Rc2 and the phase compensating capacitor 
Cc2. The phase compensating resistor Rc2 is formed with a 
poly-silicon layer in the area illustrated by the numeric 
symbol 183. The phase compensating capacitor CC2 is 
formed with a gate oxide film in the area illustrated by the 
numeric symbol 185. A metal wiring 184 is formed to bridge 
the area 183 and the area 185. The metal wiring 184 
connects the phase compensating resistor Rc2 and the phase 
compensating capacitor CC2. The differential amplifier 501 
is formed in the area illustrated by the numeric symbol 186. 
Part of the p-channel MOS transistor of the differential 
amplifier 501 is formed in the area illustrated by the numeric 
symbol 187, and part of the n-channel MOS transistor of the 
differential amplifier 501 is formed in the area illustrated by 
the numeric symbol 188. The numeric symbol 181 illustrates 
a metal wiring that connects the series connection node of 
the resistors R1,R2 to the phase compensating resistor Rc2. 
The numeric symbol 182 illustrates a metal wiring that 
connects the non-inverted input terminal of the differential 
amplifier 501 and the phase compensating resistor Rc2. 

0090 FIG. 19 enlargedly illustrates the area 183, where 
the phase compensating resistor Rc2 is formed in FIG. 18 
with a poly-silicon layer. Plural poly-silicon layers 191 to 
form the resistor are formed in parallel. And, to connect 
these layers in series will form the phase compensating 
resistor Rc2. The metal wirings 182, 184 and the poly 
silicon layers 191 are connected by way of through holes. 
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0.091 FIG. 20 enlargedly illustrates part of the area 185, 
where the phase compensating capacitor Ce2 is formed in 
FIG. 18. FIG. 21 illustrates a section taken on the line A-B 
in FIG. 20. 

0092 A poly-silicon gate electrode 202 is formed on a 
gate oxide film 203, and the poly-silicon gate electrode 202 
is made conductive to the metal wiring 184 by way of a 
through hole 213. 
0093. According to the above embodiment, the following 
functions and effects can be achieved. 

0094 (1) Since the embodiment includes the phase com 
pensating resistor Rc2 and the phase compensating capacitor 
Cc2, the Voltage-dividing resistor stage newly bears the pole 
frequency P3 and the Zero point that are created by the phase 
compensating resistor Rc2 and the phase compensating 
capacitor CC2 in the Bode diagram illustrated in FIG. 7. As 
the result, the first pole frequency in the overall gain is 
determined by the first pole frequency P3 in the voltage 
dividing resistor stage, and is shifted to a lower frequency; 
since the first pole frequency in the differential amplifier 
stage is cancelled by the Zero point, the phase delay is 
reduced, and thereby the phase margin can be secured. 
0095 (2) In the circuit configuration illustrated in FIG. 1, 
the pole frequency P3 illustrated in FIG. 7 is given by the 
expression that is proportional to the inverse number of the 
product of Rc2 and Cc2 in FIG. 1; accordingly, the resis 
tance of the phase compensating resistor Rc2 can separately 
be set from the output resistance of the p-channel MOS 
transistor 504. 

0096. Accordingly, a considerably high resistance can be 
selected for the phase compensating resistor Rc2. Since the 
phase compensating resistor Rc2 can take a considerably 
high resistance, the phase compensating capacitor Ce2 can 
select a low capacitance to attain the same characteristic. 
Therefore, the phase compensating resistor Rc2 and the 
phase compensating capacitor Ce2 can be implemented by a 
Smaller size than the phase compensating resistor Rc1 and 
the phase compensating capacitor Ce1 for the pole/Zero 
compensation. As the result, the resistance of the metal 
wiring for the internal supply voltage VDDI can be reduced 
without considering the phase margin of the limiter circuits 
105 through 112, and thereby the stable operation of the 
limiter circuits 105 through 112 can be attained. Further, the 
circuit is allowed to take on a MOS with a short gate length 
as the p-channel MOS transistor 504 without apprehension 
of the drain conductance, which makes it possible to achieve 
the limiter circuits 105 through 112 capable of handling a 
chip that consumes a considerably high current. 
0097 (3) Since the wiring resistance of the internal 
Supply Voltage can be reduced without considering the phase 
margin of the limiter circuits 105 through 112, the lowering 
of the internal Supply Voltage due to the Voltage drop by the 
wiring resistance can be decreased, which enhances the 
frequency characteristic. And, since a large phase margin of 
the limiter circuit can be attained, the reliability of the 
product (semiconductor integrated circuit device) can be 
enhanced. 

0098 Next, the other circuit configurations will be 
described. 

0099 FIG. 22 and FIG. 23 illustrate the other configu 
rations for the limiter circuit. 
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0100. A remarkable difference of the circuit illustrated in 
FIG. 22 against the one illustrated in FIG. 1 lies in a phase 
compensating capacitor CC3 being added in FIG. 22. The 
phase compensating capacitor CC3 exhibits an effect of 
reducing the phase delay of the high frequency side. By 
using the phase compensating capacitor Ce3 in combination 
with the phase compensating resistor Rc2 and the phase 
compensating capacitor Ce2, it becomes possible to further 
expand the phase margin. 

0101. A remarkable difference of the circuit illustrated in 
FIG. 23 against the one illustrated in FIG. 1 lies in that the 
phase compensating resistor RL1 and the phase compensat 
ing capacitor CC1 are omitted in FIG. 23. When a sufficient 
phase margin is attained by the phase compensating resistor 
Rc2 and the phase compensating capacitor Ce2, the phase 
compensating resistor RL1 and the phase compensating 
capacitor CC1 (see FIG.22) can be omitted as shown in FIG. 
23, and thereby the layout area can be reduced. 
0102) While the embodiment has been described con 
cretely, the invention is not limited to that, and it should be 
well understood that various changes and modifications are 
possible without a departure from the spirit and scope of the 
invention. 

0103) For example, the memory blocks 101, 102 illus 
trated in FIG. 10 are formed to array plural static memory 
cells in matrix, however the memory blocks 101, 102 may 
be formed to array plural dynamic memory cells in matrix. 
That is, when the semiconductor chip 20 is configured as a 
dynamic random access memory (DRAM), and when the 
limiter circuits 105 through 112 are provided for the power 
Supply to the internal circuits, it is possible to adopt the 
circuit configuration illustrated in FIG. 1, FIG. 22, or FIG. 
23 as the limiter circuits 105 through 112. In that case, the 
same functions and effects as the above can be achieved. 

0104. In the above descriptions, the invention has been 
explained in case it is applied to the SRAM and DRAM 
being the applicable field, which is the background of the 
invention. However, the invention is not limited to those, 
and it can widely be applied to various semiconductor 
integrated circuit devices. 
0105 The invention can be applied to a case, on condi 
tion that it includes a power Supply circuit at least. 
0106 The effects given by the typical ones of the inven 
tion disclosed in this application will be described briefly as 
follows. 

0107 That is, by forming a power supply circuit includ 
ing a phase compensating capacitor provided between the 
second input terminal of the differential amplifier and the 
low Supply Voltage, the first pole frequency in the overall 
gain is determined by the first pole frequency in the Voltage 
dividing resistor stage in the Bode diagram for the pole/Zero 
compensation, which is shifted to a lower frequency. And, in 
the Bode diagram for the pole/Zero compensation, the Zero 
point cancels the first pole frequency in the differential 
amplifier stage, which reduces the phase delay to secure the 
phase margin. Further, since the resistance of the phase 
compensating resistor can separately be set from the output 
resistance of the driver PMOS, a considerably high resis 
tance can be selected for the phase compensating resistor. 
Since the phase compensating resistor can take a consider 
ably high resistance, the phase compensating capacitor can 
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select a low capacitance to attain the same characteristic. 
Therefore, the phase compensation can be implemented with 
a resistor and a capacitor having a smaller size than the 
phase compensating resistor and the phase compensating 
capacitor for executing the pole/Zero compensation with the 
internal supply voltage (VDDI). Thereby, the resistance of 
the metal wiring for the internal supply voltage (VDDI) can 
be reduced without considering the phase margin of the 
limiter circuit, and a stable operation of the limiter circuit 
can be achieved accordingly. 

What is claimed is: 

1. A semiconductor memory device which has a power 
Supply circuit, the power Supply circuit comprising: 

a differential amplifier including a first input terminal, a 
second input terminal, and an output terminal, being 
Supplied with a high Supply Voltage and a low Supply 
Voltage having a voltage lower than the high Supply 
Voltage, which amplifies a difference of an input signal 
from the first input terminal and an input signal from 
the second input terminal and outputs the difference as 
an output signal; 

a transistor that is controlled on the basis of the output 
signal, and generates a Voltage different from the high 
Supply Voltage and the low Supply Voltage; 

a first resistor connected between the output terminal of 
the transistor and the second input terminal of the 
differential amplifier; and 

a second resistor connected between the second input 
terminal of the differential amplifier and the low supply 
Voltage and forms a voltage-dividing resistor stage with 
the first resistor, and 

a memory cell array having a plurality of memory cells 
coupled to the output terminal of the transistor, 

wherein the power Supply circuit includes a first phase 
compensating capacitor whose one end is coupled to 
the low Supply Voltage and the other end is connected 
to the Voltage-dividing resistor stage and the second 
input terminal of the differential amplifier. 

2. A semiconductor memory device according to claim 1, 
further comprising a reference Voltage generation circuit that 
generates a reference Voltage, 

wherein the reference voltage is supplied to the first input 
terminal. 

3. A semiconductor memory device according to claim 1, 
wherein the power Supply circuit includes a first phase 
compensating resistor provided between the second input 
terminal and the first phase compensating capacitor. 

4. A semiconductor memory device which has a power 
Supply circuit, the power Supply circuit comprising: 

a differential amplifier including a first input terminal, a 
second input terminal, and an output terminal, being 
Supplied with a high Supply Voltage and a low Supply 
Voltage having a voltage lower than the high Supply 
Voltage, which amplifies a difference of an input signal 
from the first input terminal and an input signal from 
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the second input terminal and outputs the difference as 
an output signal; 

a transistor that is controlled on the basis of the output 
signal, and generates a Voltage different from the high 
Supply Voltage and the low Supply Voltage; 

a first resistor connected between the output terminal of 
the transistor and the second input terminal of the 
differential amplifier; and 

a second resistor connected between the second input 
terminal of the differential amplifier and the low supply 
Voltage to form a Voltage-dividing resistor stage with 
the first resistor, 

wherein the power Supply circuit includes a first phase 
compensating capacitor whose one end is coupled to 
the low Supply Voltage and the other end is connected 
to the Voltage-dividing resistor stage and the second 
input terminal of the differential amplifier, 

wherein a second phase compensating capacitor whose 
one end is supplied with the voltage from the transistor 
and the other end is supplied with the low supply 
Voltage, and a second phase compensating resistor 
connected in series thereto are provided between an 
output terminal of the transistor and the second phase 
compensating capacitor. 

5. A semiconductor memory device according to claim 1, 
wherein a capacitor for reducing a phase delay in the high 
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frequency is provided between the output terminal of the 
transistor and the second input terminal of the differential 
amplifier. 

6. A semiconductor memory device according to claim 3, 
wherein the first phase compensating resistor uses a resis 
tance of a metal wiring. 

7. A semiconductor memory device according to claim 3, 
wherein the first phase compensating resistor is a resistor 
using a diffusion layer formed on a semiconductor Substrate. 

8. A semiconductor memory device according to claim 3, 
wherein the first phase compensating resistor is a resistor 
using a conductive layer formed on a semiconductor Sub 
Strate. 

9. A semiconductor memory device according to claim 8. 
wherein the conductive layer is a poly-silicon layer. 

10. A semiconductor memory device according to claim 1, 
wherein the first phase compensating capacitor is a capacitor 
using an oxide film formed on a semiconductor Substrate as 
a dielectric. 

11. A semiconductor memory device according to claim 1, 
wherein the first phase compensating capacitor is a capacitor 
using an insulating film formed on a semiconductor Sub 
strate as a dielectric. 

12. A semiconductor memory device according to claim 
11, wherein the insulating film is a gate oxide film. 


